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BACKGROUND: Many Americans lack health insur-
ance. Despite good evidence that lack of insurance
compromises access to care, few prospective studies
examine its relationship to health outcomes.
OBJECTIVE: To determine the relationship between
insurance and cardiovascular outcomes and the relation-
ship between insurance and selected process measures.
DESIGN AND PARTICIPANTS: We used data from
15,792 participants in the Atherosclerosis Risk in
Communities Study, a prospective cohort study. Parti-
cipants were enrolled in 1987–1989 and returned for
follow-up visits every 3 years, for a total of 4 visits.
MAIN OUTCOME MEASURES: We estimated the hazard
of myocardial infarction, stroke, and death associated
with insurance status using Cox proportional hazard
modeling. We used generalized estimating equations to
examine the association between insurance status and
risk of (1) reporting no routine physical examinations,
(2) being unaware of a personal cardiovascular risk
condition, and (3) inadequate control of cardiovascular
risk conditions.
RESULTS: Persons without insurance had higher rates
of stroke (adjusted hazard ratio, 95% CI 1.22–2.22) and
death (adjusted hazard ratio 1.26, 95% CI 1.03–1.53),
but not myocardial infarction, than those who were
insured. The uninsured were less likely to report
routine physical examinations (adjusted risk ratio
1.13, 95% CI 1.08–1.18); more likely to be unaware of
hypertension (adjusted risk ratio 1.12, 95% CI 1.00–
1.25) and hyperlipidemia (adjusted risk ratio 1.11, 95%
CI 1.03–1.19); and more likely to have poor blood
pressure control (adjusted risk ratio 1.23, 95% CI
1.08–1.39).
CONCLUSIONS: Lack of health insurance is associated
with increased rates of stroke and death and with less
awareness and control of cardiovascular risk condi-
tions. Health insurance may improve cardiovascular
risk factor awareness, control and outcomes.
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INTRODUCTION
The increasing number of people without health insurance is
alarming. Recent reports estimate that 15.9% of the population
or 46.6 million people were without health insurance coverage
in 2005.
1 Although there are several studies that have exam-
ined the association of insurance with health-related outcomes,
most focus on health utilization measures, rather than direct
effects on health. In addition, the majority of the published
studies are cross-sectional study designs, from which it is more
difficult to infer the impact of insurance status on health over
time. We are aware of only two other prospective studies that
have examined the relationship between insurance and mor-
tality.
2,3 We are not aware of any previous papers that have
studied the possible impact of insurance status on stroke. A
relative paucity of prospective studies that examine the impact
of lack of health insurance on health outcomes and mortality
limits our knowledge about the impact of this very prevalent
issue and may hinder public policy efforts to address this issue.
Cardiovascular disease (i.e., coronary heart disease and stroke)
is the leading cause of death and a major cause of morbidity for
adults. Effective strategies to evaluate and reduce cardiovascular
risk have been developed; but lack of insurance may reduce
access to these services, and this barrier may ultimately manifest
itself in detrimental effects on cardiovascular health. We hypoth-
esized that the impact of lack of insurance could be discerned at
several points in the medical care process related to cardiovascu-
lar risk reduction. As documented in previous studies, lack of
insurance is associated with a lower likelihood of having routine
health assessment medical visits.
4 As a consequence of fewer
r o u t i n ev i s i t s ,t h eu n i n s u r e dm a yh a v ef e w e ro p p o r t u n i t i e sf o r
screening for asymptomatic risk conditions, such as diabetes and
hypertension; therefore, theymay have less awareness and poorer
control of these conditions. Finally, poorer awareness and control
of chronic risk conditions could translate into increased risk of
cardiovascular disease events.
Giventhisframework,weexamined,inaprospectivelyfollowed
cohort,the relationship between lack ofhealth insurance and the
incidence of cardiovascular events and death. We also examined
the relationship between lack of insurance and three aspects of
care that might contribute to these negative cardiovascular
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502outcomes: (1) infrequent routine physical examinations, (2) lack
of knowledge of personal risk factors for cardiovascular disease,
and (3) poor control of cardiovascular risk factors.
METHODS
Study Population
The Atherosclerosis Risk in Communities Study (ARIC) is a
longitudinal epidemiologic study of risk factors for incident
cardiovascular disease and the prevalence of disease and risks
for disease over time; details of the study design are described
elsewhere.
5 Briefly, we used data from the ARIC cohort
component, comprised of 15,792, predominantly African
American and white adults in 4 U.S. communities: Forsyth
County, North Carolina; Jackson, Mississippi; Minneapolis,
Minnesota; and Washington County, Maryland. Participants
were 45 to 64 years old at entry into the study and were
enrolled during the years 1987–1989. At baseline, participants
provided data on cardiovascular risk factors, personal medical
histories, socioeconomic and family histories, and they under-
went physical examination and cardiovascular and laboratory
testing. Participants were similarly reevaluated at approxi-
mately 3-year intervals for a total of 4 visits, the last visit
occurring in 1996–1998. Annual telephone surveys assessed
changes in health status. Cardiovascular outcomes were
ascertained through the year 2000.
Outcome Variables
Our main clinical outcome measures were: (1) incident myo-
cardial infarction (fatal, hospitalized, or subclinical), (2) stroke,
and (3) all-cause death. These events were ascertained at
follow-up visits, by annual telephone surveys, and through
surveillance of hospital discharge indexes, obituary notices,
and death certificates. Medical records, detailing both inpa-
tient and outpatient events, and death certificates, were
reviewed to categorize the event. Events were then classified
as “definite”, “probable”, “possible” or ineligible events using a
standardized algorithm developed by the ARIC investigators.
Only “definite” and “probable” events are analyzed in this
study. ARIC investigators determined the dates of clinical
outcomes of myocardial infarction, stroke, and death and then
calculated follow-up time to these events.
Our secondary outcomes were aspects of care related to:
(1) frequency of routine physical examinations, (2) awareness
of the personal diagnosis of cardiovascular risk factors, and
(3) adequacy of control of cardiovascular risk factors. Each
outcome was assessed separately at visits 1, 2, and 3.
Frequency of routine physical examination visits (“How often
do you have a routine physical?”) was dichotomized as
“never” has routine exam versus any “other” frequency
response. Awareness of personal cardiovascular risk factors,
such as hypertension, was assessed using items asking
whether participants had been advised by their doctors that
they had particular medical conditions. For example, partici-
pants who answered “no” at a particular visit to the question,
“Has a doctor ever told you that you have high blood pressure
or hypertension?”, yet had a systolic blood pressure (average
of 2 measures) of 140 mmHg or greater or a diastolic blood
pressure (average of 2 measures) of 90 mmHg or greater, were
categorized as unaware of personal diagnosis of hypertension.
A similar process was used for the diagnosis of diabetes to
determine the proportion of participants unaware of a
personal diagnosis of diabetes (using diagnostic criterion of
that time—fasting blood sugar of greater than or equal to
140 mg/dL or non-fasting blood glucose of greater than or
equal to 200 mg/dL) and hyperlipidemia (total cholesterol
greater than or equal to 240 mg/dL). Finally, we examined
adequate blood pressure control in those who were aware of a
diagnosis of hypertension. We determined the percentage of
persons with a known diagnosis of hypertension who had
adequately controlled systolic blood pressure, defined as a
systolic blood pressure (average of 2 measurements) less than
or equal to 140 mmHg. Similarly, we determined the percent-
age of participants who reported being aware of a personal
diagnosis of hyperlipidemia with adequate lipid control
(defined as total cholesterol less than or equal to 200 mg/dL).
Control measures for diabetes, i.e., glycosylated hemoglobin,
were not obtained during all 4 visits of ARIC.
Insurance Status
At visits 1, 2, and 3, participants were asked: “Do you have
health insurance, such as Medicare, or a medical plan such as
an health maintenance organization (HMO) which pays part of
a hospital, doctor’s or surgeon’s bill?” Participants with an
affirmative answer to this question were coded as insured at
that visit. At visit 4, participants were asked: “To help pay for
your medical care, do you now have: (a) health insurance or a
h e a l t hp l a n ,s u c ha sB l u eC r o s s / B l u eS h i e l do ra nH M O ,
(b) Medicare, (c) Medicaid, (d) other.” Any participant that
responded with options a, b, or c were designated insured
at visit 4. To examine the relationship between insurance
and our outcomes, we modeled insurance as a time-varying
dichotomous variable based on whether the participant
reported having insurance at a particular visit.
Covariates
All models controlled for baseline factors that we felt may affect
the relationship between insurance status and each of the
outcomes. Covariates included were demographic factors in-
cluding age (years), gender, race (African American, Asian
American, white, or other), combined family income (8 catego-
ries), education (grade school, high school—no degree, high
school graduate, vocational school, college, graduate school),
study site (4 study centers). Self-reported health status (excel-
lent, good, fair, poor) and history of coronary heart disease
before entry into the study (dichotomized as yes or no) were also
assessed at baseline. In our models, we controlled for clinical
characteristics measured at each visit, including presence of
diabetes (fasting blood sugar greater than or equal to 126 mg/
dL or taking medication for diabetes), smoking (current, former,
never), hypertension (blood pressure greater than 140/90 or on
antihypertensive medication), body mass index (kg/m
2), and
total and high density cholesterol (mg/dL).
Statistical Analysis
We characterized participant’s demographic and clinical char-
acteristics at baseline using means and standard deviations
for continuous variables and frequencies and percents for
categorical variables. Some categories were collapsed when
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Final categorizations are shown in Table 1. This study was
longitudinally designed with repeated measures obtained of
insurance status at different visits. The insurance variable was
modeled as time varying variable, allowing insurance status for
the individual participant to change over time. Insurance
status in the interim between visits is not known and cannot
be accounted for in this analysis.
To analyze our primary clinical outcomes, we used Cox-
proportional hazards modeling to examine how the hazard of
having a clinical event is associated with lack of insurance.
Time-to-event was used in the analysis with single failure-
per-participant, although participants could contribute time at
risk for all three of the clinical outcomes. Participants were
right-censored if they were lost to follow-up, or the period of
observation ended without an event. These models controlled
for both baseline demographic and for clinical characteristics
measured at each visit that may have been confounders of the
relationship between insurance status and each outcome. We
evaluated the proportional hazards assumption for the vari-
ables in each of our models by testing the nonzero slope of the
scaled Schoenfeld residuals in generalized linear regression as
functions of time.
6 Both covariate-specific and global tests were
produced, and we saw no evidence that the proportional
hazards assumption was violated for any of the models.
For the secondary outcomes related to aspects of care, we
used generalized estimating equations (GEE) with a logit-
binomial regression model, using an autoregressive correlation
structure and robust variance estimators to assess the co-
variate adjusted relationship between insurance status at each
visit and each outcome. A post-estimation equation:
RRi ¼
PYE ; x2i;...;xki
  
PYE; x2i;...;xki
   ¼
1 þ e
   0þ 1Eþ 2x2iþ...þ kxki ðÞ


1 þ e 

 0þ 1Eþ 2x2iþ...þ kxki

was used to yield risk ratios.
7
All analyses were conducted using STATA statistical soft-
ware (version 8.2, College Station, TX). The study was submit-
ted for review and approved by the Committee on the
Protection of the Rights of Human Subjects of the University
of North Carolina at Chapel Hill School of Medicine.
RESULTS
Characteristics of the Sample
The 15,792 study participants were majority female and white
with good to excellent reported health status at baseline
(Table 1). The majority had combined family incomes greater
Table 1. Baseline Characteristics of ARIC Participants
Characteristic Total
Sample
Participants Who Always
Report Having Insurance
Participants Who Report Being
Uninsured at Least Once
P value*
N=15,792 N=13,289 N=2503
Age, years mean (SD) 54.2 (5.8) 54.3 (5.8) 53.6 (5.6) P<.005
Female (%) 55% 54% 60% P<.005
White (%) 73% 79% 38% P<.005
Yearly income per household occupant (%)
<$5,000 5% 3% 20% P<.005
$5,000–7,999 4% 3% 14%
$8,000–11,999 6% 4% 14%
$12,000–15,999 7% 6% 14%
$16,000–24,999 15% 15% 17%
$25,000–34,999 18% 19% 11%
$35,000–49,999 19% 22% 6%
>$50,000 25% 28% 5%
Education level (%)
Grade school 10% 7% 24% P<.005
High school, no degree 14% 12% 26%
High school graduate 32% 34% 25%
Vocational school 8% 9% 7%
College 26% 27% 15%
Graduate school 10% 11% 4%
Self-reported health status (%)
Excellent 33% 35% 22% P<.005
Good 47% 47% 43%
Fair 17% 15% 28%
Poor 3% 3% 8%
Diabetes 12% 11% 19% P<.005
Smoking (%)
Current 26% 25% 34% P<.005
Former 32% 34% 25%
Never 42% 42% 41%
Total Cholesterol (mg/dl) (SD) 215 (42) 214.4 (41.5) 217.7 (45.1) P<.005
HDL (mg/dl) (SD) 53 (17.6) 52.9 (17.6) 54.3 (18.0) P<.005
Hypertension (%) 35% 33% 47% P<0.005
Body Mass Index (kg/m
2)(SD) 27.7(5.4) 27.4 (5.1) 29.2 (6.3) P<.005
Previous history of CHD (%) 5% 5.1% 4.3% P=.081
*P value for the comparison of those always reporting insurance and those who report being uninsured at least once
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compared baseline characteristics of those who reported
always having insurance to those who reported being unin-
sured at least once during the time that they were followed.
Those who reported being uninsured at least once were more
often female and nonwhite, with lower education levels and
family income. Participants who were uninsured at least once
were also more likely to have cardiovascular risk factors such
as diabetes, current smoking, hypertension, and higher body
mass index. We had insurance status data at all 4 visits for
11,003 of the 14,560 participants who survived to visit 4. The
percentage of participants who lacked health insurance was
10% at visit 1, 9% at visit 2, 6% at visit 3, and 5% at visit 4.
Association of Insurance Status
with Cardiovascular Events and Death
Our Cox survival models included 444 strokes, 968 myocardial
infarctions, and 1,157 deaths (Table 2). After adjusting for
baseline characteristics, lack of insurance was associated with
an increased relative hazard for stroke and all-cause death
when compared to those who were insured (Table 2). While not
statistically significant, lack of insurance was associated with
an increased relative hazard of myocardial infarction.
Association of Insurance Status with Aspects
of Care
Before and after adjusting for clinical and demographic
characteristics, insurance status at each visit was associated
with increased risk that a participant went without routine
physical examinations (Table 3). Those who were not insured
also had a higher adjusted risk of being unaware of a personal
diagnosis of hypertension and hyperlipidemia compared to those
who had insurance. In the subset of participants who reported
being aware that they had hypertension, those that were
uninsured had a higher adjusted risk of having inadequately
controlled blood pressure compared to those that were insured.
However, among participants who were told by their doctor that
they had hyperlipidemia, there was no significant difference by
insurance status for inadequately controlled hyperlipidemia.
DISCUSSION
In this study of a prospectively followed cohort, we found that
persons lacking health insurance had higher rates of stroke
and death than those who were insured. However, the rate of
myocardial infarction was not significantly associated with
insurance status. Aspects of personal health, such as aware-
ness and control of cardiovascular risk factors, were also found
to be related to insurance status. This study adds to the
relatively small body of literature that prospectively examines
the association of insurance status with clinical outcomes.
There has been only one randomized trial of insurance in
the United States. The Rand Health Insurance Experiment was
a multisite trial during which over 2,000 families were
randomly assigned to an insurance plan that provided free
care or a plan that required some cost sharing.
8 No premiums
were charged for any of the experimental plans and no family
was assigned to be uninsured. Although participants random-
ized to free care had higher rates of health care utilization, the
only significant benefit of free care on health measures in this
trial was improved corrected far vision. The free care group was
also found to have a lower diastolic blood pressure that
approached statistical significance;
8 and within the subgroup
of hypertensives, free care participants had significantly lower
blood pressures than their counterparts.
9 Although partici-
pants randomized to free care did not realize significant
improvement in many health status measures, such as
physical and mental functioning and lipid control, better
control of blood pressure significantly reduced the calculated
risk of early death among a high risk subgroup.
8 Other studies
have examined “natural experiments” to examine the effects of
loss of insurance in populations who were insured, but
precipitously lose their coverage. These quasi-experimental
studies have found that those losing insurance suffered
substantial declines in health, including poorer blood pressure
control, when compared to their insured peers.
10–12
Table 3. Lack of Insurance and Processes of Care
Lack of insurance and risk of Unadjusted risk
ratio (95% CI)
Adjusted risk
ratio (95% CI)
Never having routine physical
examination
1.40 (1.33–1.47) 1.13* (1.08–
1.18)
Being unaware of a personal
diagnosis of hypertension
1.01 (0.92–1.11) 1.12
† (1.00–
1.25)
Being unaware of a personal
diagnosis of diabetes
1.10 (0.99–1.21) 1.20
‡ (0.98–
1.42)
Being unaware of a personal
diagnosis of hyperlipidemia
1.31 (1.24–1.37) 1.11
§ (1.03–
1.19)
Having inadequate control of
hypertension
1.26 (1.17–1.35) 1.23
† (1.08–
1.39)
Having inadequate control of
hyperlipidemia
1.03 (0.99–1.07) 1.04
§ (0.96–
1.13)
*Based on generalized estimating equation models adjusted for baseline
age, gender, race, education, family income, family size, health status
and previous coronary heart disease, and measures at each visit of
presence of hypertension, diabetes and smoking, and levels at each visit
of total cholesterol, high density lipoprotein body mass index
†Adjusted for all of the above in footnote* except presence of hypertension
‡Adjusted for all of the above in footnote* except presence of diabetes
§Adjusted for all of the above in footnote* except levels of total cholesterol
and high density lipoprotein
Table 2. Lack of Insurance and Hazard Rate of Cardiovascular
Events and Death*
Lack of
isurance and
hazard of
Number of
outcome
events
Unadjusted
hazard ratio
(95% CI)
Adjusted
hazard ratio
(95% CI)
†
Stroke 444 2.32 (1.80–2.98) 1.65 (1.22–2.22)
Myocardial
infarction
968 1.43 (1.17–1.74) 1.22 (0.97–1.54)
Death 1,157 1.77 (1.50–2.09) 1.26 (1.03–1.53)
*Compared to those with insurance
†Based on Cox proportional hazard models adjusted for baseline age,
gender, race, study site, family income, family size, education, health
status, and previous coronary heart disease, and measures at each visit
of diabetes, smoking, total cholesterol, high density cholesterol, hyper-
tension, and body mass index
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ment is widely acknowledged to be a cornerstone in the
prevention of adverse cardiovascular events. Satisfactory
control of risk conditions is predicated upon adequate access
to medical care. We hypothesized that lack of stable insurance
would result in reduced health care access, inadequate risk
factor identification and management, and increased risk of
cardiovascular events. In fact, we found that those without
health insurance had a higher risk of forgoing routine physical
examinations and a higher risk of being unaware of a personal
diagnosis of hypertension, diabetes, or hyperlipidemia.
While we found that blood pressure was less likely to be
controlled in those who were both hypertensive and unin-
sured, we did not find any differences by insurance status in
the degree of lipid control in those who were told that they had
hyperlipidemia. These results are similar to those of the Rand
Health Insurance Experiment. One possible explanation may
be that the data collection for both our study and the Rand
study predated the widespread, aggressive control of lipids
that constitutes current practice. As lipid management has
become more intensive and lipid lowering therapy used more
widely, subsequent studies may yield different results.
We found that lack of health insurance was associated with
an increased rate of stroke and death in our study. A previous
study concluded that uninsured white women, but not white
men, were at an increased risk of cardiovascular death,
compared to those with employer-based insurance, when
adjusted for age and income.
3 Interestingly, the authors of
the study found that those with Medicaid and Medicare had
the highest rates of cardiovascular and all-cause death; even
higher than those without insurance. This earlier study did not
control for participant health status or comorbidities, raising
the possibility that unmeasured factors confounded the rela-
tionship between type of insurance and outcomes. Another
study estimated that lack of health insurance was associated
with an adjusted hazard ratio of 1.25 (95% CI 1.00–1.55) of
death, when compared to private insurance.
2 This estimate of
the hazard of death associated with lack of insurance is similar
to what was found in our study.
Although we found an elevated point estimate of the hazard
of myocardial infarction associated with lack of insurance, this
was not statistically significant. Although it is unclear why this
is so, we postulate that this finding may point to the relative
importance of hypertension as a risk factor for stroke com-
pared to myocardial infarction. Hypertension is the most
powerful risk factor for stroke.
13 We observed that hyperten-
sion was significantly less likely to be well controlled in those
lacking insurance. We believe that poorly controlled hyperten-
sion may be the link between lack of insurance and increased
incidence of stroke. Although hypertension is an important risk
factor for myocardial infarction, the relative contribution of
other risk factors, such as inherited traits, lipid levels, smoking,
and diabetes may be greater in the development of coronary
heart disease. However, the interrelationships between multiple
risk factors, demographic factors, insurance, and health out-
comes are likely to be extremely complex. For example, we
believe that poorer blood pressure control largely mediates the
relationship between lack of insurance and increased risk of
stroke. However, when we added systolic and diastolic blood
pressure measurements to our model, we observed only modest
attenuation ofincreasedriskofstroke,suggestingthatthere are
mediators, other than blood pressure, of the relationship
between stroke and insurance. In addition, because we only
havebloodpressurelevelsatdiscretetimepoints,measurement
issues may also affect our observations.
Our analysis has several important limitations. The estima-
tion of the independent or distinct impact of insurance on
health is very difficult, as health insurance is closely inter-
twined with other personal and community characteristics that
are associated with health. Unlike randomized controlled trials,
we could not equally distribute the other determinants of
outcome to isolate a “pure” insurance exposure. Therefore, it
is impossible to absolutely eliminate the possibility of residual
confounding or bias in estimates derived from observational
studies like this one. In our multivariable analyses, we statis-
tically controlled for factors that we felt may be related to both
insurance and the outcome, thus, reducing the potential for
confounding bias and increasing the likelihood that the rela-
tionships we observed are truly causally related. In addition,
elements of our study, namely, the association between lack of
insurance and poorer blood pressure control, are mirrored in
studies with different experimental designs, including the Rand
randomized controlled trial of insurance.
9 Yet, there still could
be unknown, unmeasured, or poorly measured confounding
factors that could influence our assessment of the relationship
between insurance and our outcomes.
Our study analyzed data initially collected for purposes
other than the objectives of our study. Consequently, insur-
ance was not measured as completely as it could have been.
Insurance was asked in such a manner that insurance history
before the visits was not obtained. Also, the question querying
insurance status changed at the fourth visit and this may
have affected data ascertainment. In our analysis, “being
insured” is a heterogeneous designation, including different
types of plans and payers. Future investigations of the
association of insurance with health, where type and duration
of insurance can be quantified, will be extremely valuable. In
addition, because of the constraints of the data, we were
unable to assess the degree of diabetes control by insurance
status, as hemoglobin A1C values for participants were
unavailable. ARIC investigators informed participants of the
results of their research medical evaluation in the form of a
letter to the participants and their doctors after each visit.
Therefore, although we recognize that in theory, risk factors
that were present at visit 1 should have been known to
participants thereafter, we decided to study the lack of
awareness of cardiovascular risk factors at all 4 visits because
participants may not have fully understood the communica-
tions from the investigators, may not have had a doctor, or
may have developed a risk condition after visit 1. Structuring
the analysis this way biases the measurement of the relation-
ship between insurance status and awareness of cardiovascu-
lar risk factors toward the null.
In summary, we found a significant relationship between
lack of health insurance and lower utilization of primary care
resources, decreased awareness of personal cardiovascular
risk factors, poorer control of hypertension, and finally,
increased rate of stroke and death. This study, along with
others that have associated lack of health insurance with
adverse health outcomes, underscores the importance of
developing policies that ensure that all can receive sufficient
access to medical care.
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